and the slides were screened for counting the number of dividing cells and locating abnormal ities in them. In each set of experiment, the effect was observed in the count of at least three thousand cells in foci selected randomly following the method suggested by Bhalla et al. (1973) . Results 
(A) Effects on mitotic-index
This index was represented in the form of Relative Division Rate (RDR) calculated by the formula given below:
RDR (%)= % of dividing cells in _% of dividing cells in treated bulbs control bulbs/ 100-% of dividing cells in control bulbs
•~100
Negative value of RDR indicated mitosis inhibition. Table 1 .
Mode of treatment with Vitamin and Pesticides P* was either Malathion (M) or Rogor (R) as the case may be.
(a) Effect of Malathion: Significant decreases in RDR were noted ( Fig. 1 ) in pesticide treated bulbs , and mitosis completely halted at 800 ppm dose of the pesticide. In cases where pesticide and Vitamin treatment ran concurrently (M+VB), Vitamin showed a marked protective effect against the mitoinhibitory effect of the pesticide at three lower doses; division at the highest dose re mained ceased. Pre (VBM) and post-treatments (MVB) with the Vitamin , also showed protective effect similar to that observed in the concurrent treatment, with the sole difference that the dividing cells in the post-treatment group were seen at the highest (800 ppm) dose also. This improvement in the division rate (as observed in the MVB group) may be the result of the withdrawal of the pesticide and/or some protective effect of the Vitamin itself . The recovery experiment (Fig. 1, REC) , no doubt , showed some improvement, still it was less than that observed in MVB group; the protective role of Vitamin , therefore, cannot be over ruled. (b) Effect of Rogor:
Like Malathion, Rogor (R) also decreased the division rate at all its concentrations , and the decrease appeared to be dose dependent (Fig . 2) . The concurrent treatment of Vitamin B-complex increased this rate (in comparison to the exclusively pesticide treated group) at the three lower doses. Pre-treatment (VBR) was not effective in checking the mitoinhibition caused by the pesticide and the division was found to be completely ceased at three concentra tions i. e., 60, 240 and 480 ppm of the pesticide. Post-treatment with the Vitamin (RVB) also showed an improvement in the division rate which was well marked at 30 and 240 ppm dose of the pesticide. Recovery experiment, no doubt, showed a little increase in division rate, but when compared with the post-treatment group, the effective role of Vitamin cannot be ruled out.
Thus it appeared that Vitamin B-complex produced some protective effect against pest icide-induced mitoinhibition in root-tip cells, and also that its concurrent treatment was more efficacious than any other mode of its supplementation. Results from analysis of variance (ANOVA) also confirm this finding (at p<0.05).
(B) Effect on mitotic chromosomes:
Both the pesticides produced several types of chromosomal abnormalities which can be broadly put into two categories-(a) break related abnormalities manifested as fragmentations, laggards, clumping and anaphase bridges, and (b) mitosis disruptive such as multipolar spin dles, polyploidy, disturbed cytokinesis, multinucleated cells and precocious separation of sister chromatids. (a) Effect of Malathion:
The incidence of chromosomal abnormalities significantly increased upon Malathion tretment and was directly proportional to the dose of the pesticide (Fig. 3) . In the concurrent experiment (M+VB), the Vitamin showed a marked protective effect against the three lower doses. Pre and post-treatments with the vitamin were not much effective in minimising these abnormalities, except at one, i.e., at 400 ppm dose of the pesticide in the post-treatment group (MVB), where abnormalities were completely absent. However, the results from the re covery experiment when compared with those of the post-treatment group again confirmed the protective role of the Vitamin.
(b) Effect of Rogor:
The pattern of chromosomal abnormalities produced ,by Rogor was similar to that ob served in the case of Malathion (Fig. 4) . A definite trend of dose-dependence of abnormality rate was found. Unlike Malathion, supplementation of Vitamin B-complex in various ways was not much effective in minimising the abnormality rate; nevertheless its protective effect was apparent though with very low intensity. In order to have clear ideas regarding the frequency of various types of abnormalities produced by the pesticide and their relative minimisation by the Vitamins, the sum total of in cidence of these abnormalities scored at all the doses of pesticide, as well as Vitamin treated bulbs were compared (Table 2) . It appeared that around 80 to 90% of the abnormalities caused by the pesticides were break-related. Most of the Vitamin-mediated (concurrent, pre or post-treatment) decreases in their frequency were mainly due to decrease in the incidence of these very (breakrelated) damges. This result is thus strongly suggestive of the anticlas togenic nature of Vitamin B-complex.
Relationship between Mitotic index and RAR:
The mitotic index and abnormality rate as observed during each of the various modes of treatment with pesticide and Vitamin showed negative correlation (Table 3 ). This value (r) was much higher in the concurrent treatment with Malathion and pre-treatment in case of Rogor. The absence of correlation was noted only in those eventualities where the Vitamin was used for post-treatment.
Discussion
Four facts become clear from the results presented above; (i) both the pesticides caused mitosis inhibition and clastogeny, (ii) there was a negative correlation between mitotic index and abnormality rate, (iii) Vitamin B-complex minimised the incidence of mitoinhibition and clastogeny, and (iv) concurrent administration of Vitamin was more effective than the pre-or post-ones.
According to Datta and Chedda (1980) , alkylation of the nitrogenous bases of DNA molecule is the most common mechanism of mutagenesis by the pesticides in micro-organisms, cells-in-culture or in vitro experiments . Presence of pesticide molecules or their derivative in the cell-mileu, may therefore , distube the synthesis or the structure of DNA (Mitchison 1977) or may cause inhibition of cells entry into mitosis (Kihlman 1966) either by delay in onset of G (Gelfant 1963 , Evans and Scott 1964 , Waechter and Baserga 1982 and/or S-phase (Mit chison and Creanar 1971) . Arrest of division would take place in most of these eventualities.
Identification of the exact molecular mechanism(s) involved in the probable protective role of. Vitamin B-complex is beyond the scope of this paper . Tazima (1984) , while discussing environmental mutagenesis , could enumerate several factors that might affect the biological response of different cell-line systems to chemical mutagens . These factors are (1) scavenging the mutagens or their metabolites out of the cells, (2) metabolic modification and detoxifica tion of the mutagen molecule themselves , (3) inhibition in the path of mutagen to reach the target cells, (4) the autorepairability of the damaged cells or the genetic material , (5) selective cell-killing and elimination of the damaged cells , to be followed by, (6) compensatory division among the remaining resistant and comparatively less damaged "cleaner" cells .
The improvement in mitotic index and decrease in chromosomal abnormality frequency by Vitamin B-complex, may be due to Vitamin mediated modification and detoxification of the mutagen and/or its derivatives . The Vitamin B-complex may also act as scavenger for the mutagenic molecules .
The probable explanation about the negative correlation between Ml and RAR values can come from the concept of compensatory division . Every organ and tissue must have a minimum number of cells in it to survive and function (Leblond 1972) . In the eventuality of exposure to various cytotoxic agents , many of abnormality bearing cells die, and the resistant "cleaner" on es, which survive, undergo compensatory division (Tazima 1984) . Quite natural ly, therefore, the increased MI which is a manifestation of compensatory division is associated with a lowered abnormality rate . 
